Abstract. In order to solve the problem of high packet loss rate and poor real-time performance of data transmission among the smart robots after the mobile ad hoc network is formed, we study and improve the traditional AODV routing protocol. Smart robot uses signal strength as a basis for whether to forward packets during route discovery in the proposed AODV and it will control their own motion after acknowledging the forwarding of packets. With NS-3 software the simulation results show that the improved AODV routing protocol improves the success rate of data transmission and reduces the average delay compared with the traditional AODV routing protocol.
Introduction
Mobile Ad Hoc Network is a distributed control center-less multi-hop network, in which all the nodes assume equal status, equipped with routing functions and able to join or leave the network, what's more, there is no need to build infrastructure support for Mobile Ad Hoc Network. Therefore, Mobile Ad Hoc Network can be widely used in military and civilian area.
The existing Mobile Ad Hoc Networks can be categorized based on different features. That is, based on different routing discovery strategies, the existing Mobile Ad Hoc Networks can be categorized into proactive (table driven) routing protocol, reactive (on-demand)routing protocol and hybrid routing protocol [1] . In which AODV routing protocol falls into the type of reactive routing protocol, i.e. on-demand routing protocol. AODV routing protocol is based on DSDV [2] routing protocol, and is improved combining the thoughts of DSR [3] routing protocol, possessing the features of strong expandability as well as high environmental adaptability [4] . Currently the improvement of AODV routing protocol has, to some degree, enhanced its features in one aspect, but as for the features of mass communication data, high accuracy demand, as well as the high changing speed of network topology etc. during the moving process of smart robot group, the existing AODV routing protocol cannot meet the communication demand of smart robot group.
In order to solve this problem, we consider the signal strength as the criterion of whether the smart robot forwards the data packet in the process of route seeking, and the smart robot will control its movement state after it confirms and forwards the data packet.
AODV Routing Protocol Improvement and Protocol Evaluation

AODV Routing Protocol Improvement
The operation of AODV routing protocol mainly includes two processes: route seeking and route maintenance [5] . The main improvement of the traditional AODV routing protocol is to add node location information and movement direction to the RREQ and RREP packets in the route seeking process of AODV routing protocol and to control the movement status of the smart robot. The specific improvements for traditional AODV routing protocol are as follows.
①The signal strength is taken as data basis to determine whether the node forwards messages. The smart robot detects the signal strength of the packet when it receives the packet signal sent by the previous smart robot and forwards the packet information if the signal strength of the packet is higher than the set threshold value; If the packet signal strength is lower than the set threshold, the smart robot does not forward the packet information. This ensures the stability of the route after establishment and improves the success rate of data forwarding. The flow chart of the algorithm is as the figure 1.
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The node receives the packet message.
Obtain signal intensity of the packet.
Determine whether the signal intensity is higher than the threshold value.
Prepare to forward the packet message.
Stop forwarding the packet information and abandon. ②Add node location information and movement direction to the RREQ and RREP packets. Add node location inform ation and move ment direction to the RREQ and RREP packets [6] .The modified RREQ packet message format and the format of the modified RREP packet message are as follows [1] . Where, in the planar network, Node X Position is the X-direction position of the smart robot Node Y Position is the Y-position of the sm art robot, and Node Movem ent Direction is the m ovement direction of the smart robot.
The smart robot receives the RREQ or RREP packet to obtain the previous smart robot's position information and direction of movement.And then, the smart robot calculates the relative distance and the relative move ment directi on between the tw o nodes and judges whether the rela tive distance between the two nodes is greater than the set threshold or the two node s are of opposite direction, if so, then the sm art robot will redu ce its own m ovement speed and fo rward the m essage, otherwise the smart robot will send packet inform ation in accordance with the original AODV routin g protocol.This algorithm flowchart is as the figure 2.
In Figure 2 , the specific algorithm to determine whether the two nodes move toward each other is as follows: As shown in Figure 3 , when the sm art robot receives the packet information, get the last smart robot movement direction.Two smart robots are compared in the position of the Y coordinate of the planar network, so that the sm art robot with smaller Y coordinate is m ade node B and the other smart robot node A.If the moving direction of node A is located in area C, it is considered that node A and node B are moving toward each other, otherwise, node A and node B are considered to be moving backward. 
Routing Protocol Evaluation Index
The main function of the routing protocol is to maintain the network topology and provide timely and accurate routing information for inter-node communication. We mainly chooses the successful d ata reception rate [7] and the average delay [8] as the main evaluation indicators to compare and evaluate the traditional AODV routing protocol and the improved AODV routing protocol.
Successful Data Reception Date. The statistics of successful data reception rate is the ratio of the total received data pack ets and the total tran smitted data packets in the network. Through this indicator, the probability of successful data transmission in the entire network and the packet loss rate caused by network topology changes.This indicator can also well reflect the efficiency of this routing protocol in the process of data transmission, which is defined as follows:
Where _ is the successful data reception rate, is the total num ber of received packets, and is the total number of packets sent. Average Delay. The average delay statistics is the averag e time that a d ata packet in a network successfully arrives at th e routing layer of the destination node from the routing laye r of the source node. The index reflects the smoothness of the network. The smaller the delay, the more smooth the network. The definition formula is as follows:
(2) Where means the average delay, is the sum of all the da ta transfer time to the destination node and is the number of all the data that reaches the destination node. Simulation and Simulation Results Analysis. At present, there are many network sim ulation softwares. After com paring variou s sim ulation soft wares, we select NS-3 sim ulation system to simulate the communication protocol.
Simulation Scenarios And Simulation Parameters. This simulation environment is NS-3.2.6 as a simulation tool built on Ubuntu16.04 system. In the simulation process, NS-3 randomly selects 5 nodes as the source nodes and 5 nodes as the destination nodes, random ly sele cts 10 random seeds for sim ulation and then m akes statistical analysis on the simulation results. The traditional AODV routing protocol simulation parameters and the improved AODV routing protocol simulation parameters are as follows: In this simulation, different random seeds were adopted for simulation and the sim ulation results were statistically analyzed. The random seeds were: 54,123,98,46,125,687,215,987,32156,15468. The total data transm ission time is 50 seconds to 250 seconds. Each simulation tim e interval is 10 seconds. Each simulation robot speed is 1m / s, 3m / s, 5m / s. During the simulation, the simulation time is 1.5 times of the data transmission time for each simulation. The data transmission starts from 1/2 second of the data transmission time to 3/2 second of the total data transmission time. Taking the data transmission time as 50 seconds as an example, the sim ulation time is 75 seconds, and the data transmission ends from the 25th second to the 75th second.
Simulation Result
We compare the perform ance of the traditi onal AODV rou ting protocol and the improved AODV routing protocol. After the sim ulation, the sim ulation results are statistically analyzed and plotted. The result is shown in Figure 4 .2.
In Figure 4 . 3) that the success rate of the im proved AODV r outing protocol data transm ission is obviously higher than that of the traditional AODV routing proto col, and also th e lower the smart robot speed, the m ore obvious the advantages of the im proved AODV routing prot ocol. Therefore, the improved AODV routing protocol has better data transmission efficiency and lower average latency.
Conclusion
Based on the traditional AODV, we re gard the signal strength as an index in the route searching process of sm art robot, and the AODV routing prot ocol which is im proved after the sm art robot confirms and f orwards the RREQ packet m essage or the RREP packet m essage will control the movement of the smart robot. The simulation results show that compared with the traditional AODV routing protocol, th e im proved algo rithm can impr ove the success rate of data transm ission and ensure good real-time performance when the smart robot is at a low speed.
